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CASE GUN PROPBLLANT IGNITION

Prapared by:
R. D, Cool and L. F, Gowen

ABSTRACT: Previous siudlies at the Naval Ordnance Lubora=~
tory indicated that p;yrotechnic mixtures having high

heats of reaction and yielding high percentages of solids
on ignition are more offective than black powder in ignit-~
ing propellants., Ign .tion effectiveness 1s based on the
minimim quantities of i¢he various compositions required to
ignite the propollantu. This report covers closed bomb
studies of the ignition of pyro,” Cordite-N and two “cool
plerite (1950°K) propollants..-iest results show that the
relat:.ve ease of ignition of the different types of propel-
lants varies with the composition of the ignition mixture
snd may even be rever:sed by using different mixtures. Ex-
perimental compositions containing boron-~potassium per-
chlorsate, magnesium=-pctassium perchlorate, zirconium-
potassium perchlorate, zlrconlum~-potassium perchlorate-
lead clioxlde, and zirconlum-nickel alloy~-votussium perchlor-
ate~lead dioxide, proved to be suverior to black powder in
igniting the four prorellants tested. In addition to the
1gnition studies, the mixtures were investigated to further
determine thelr sultatillty for use in gun primers, Al-
thougl. . tl.e mixtures are more sensitive than black powder to
impact, it 1s bellevec that the mixtures could be safely
used in sun primers. 4l1ll of the mixtures sxcept two ware
found ecompatible with brass and steel. None of the mix-
tures lgnited wien sut jected to temperatures of vhe order
of 415°C for a period of two mirutes,

It is concluded that many of the mixtures studied show con-
slderable promise as substitutes for black powder in gun
primers,

U, S. NAV.L ORDNANCs LABORATORY
“HIT: OAK, MaRYLAND
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This report presents data and results obtained by the
Laboratory in connection with the Case Gun Ignition task,
in which a study is belng made of ignition systems for
various types of propellants., The phase of the task cov-
erod in thls report concerns the search for igniter ccmpo-
sitlons that will more satisfactorily ignite cool propel-
lants than black powder. This study was authorized by the
Bureau of Ordnance Directive NOL-Re2a-~18l~1-52, The infor-
mation may be useful to activities interested in gun primer
design or propellant ignition,

BDWARD L, WOODYARD
Capteln, USN
Commender

Rk fi:z,z,y "
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CASu GUN IGNITION

INTKOLUCTION

l, Gun firing data show that the system used to ignite the
propellant affects the gun's interior ballistica. The trend
toward higher muzzle velocities and rapid rates of fire has
necesslitated the development of new propellant formulations.
The new propellants have accentuated the need for ignition
systems that will provide the desired interior ballistics.,
In an effort to develop better igniters, the Laboratory has
conducted studies of igniter compositions that have a higher
calorific value and produce combustion products having a
greater percentage of sclid residue than black powder. As
indicated in references (a) and (b), these mixtures were
found more efficient than bleck powder in igniting propel-
lants. '[his Navord covers later investigations using oxi-
dants other than those previously reported,

Apparatus snd Procedure

2, Ignition tests were made in a hesvy brass bomb shown in
Figure 1. The bomb has a cylindrical cavity 64mm in diameter
and 63mm in length (approximetely 203ml volume). A threaded
opening in the bottom of the bomb permits insertion directly
under the propellant grein holder of a shortened Mk 39 Gun
Primer stock containing the ignition element and pyrotechnic
charge.

3. Components of the mixture were carefully weighed on a
Torsion Balance to the nearest gram and mixed on bond paper
with a spatula. Information concerning the chemicals used

is presented in Table I. Charges of the mixtures were
welighed on the Torsion Balance or an analytical balance and
placed loose 1n the cup of the ignition element, The propel-
lant graein was held vertically in the bomb with the lower end
. of the grain about 18mm sbove the edge of the primer cup.
After closing the bomb the ignition element was connected in
series with a 375-watt bulb and fired wi th a 115-volt D.C.
source.

4. sach fuel-oxidant combination waes tested in varying
amounts and in varying ratios of fuel to oxidant. Primer
Klectric, Mk 39 ignition elements with lead styphnate but-
tered over the bridge wire were used to ignite charges of 0.1g
or larger. Tests showed that a lead styphnate~buttered ele-
ment alone would not ignite the propellant grain, Ignition
charges less than 0.1g were widely dispersed by the lead
styphnate, producing erratic results. Therefore, charges less
than 0.lg were vlaced directly on the bridge wire.

1
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5. ‘lhe minimum amount of black powder required to ignite the
propellants was first determined because only ignition compo-
sitions that proved more effective than black powder were to
be considered. Ignition effectiveness is based on the mini-
mum amount of the composition required to ignite the propel-
lant. These data fixed the maximum amount of experimental
ignition composition to be inveastigated. A minimum charge of
0.4g of 3FG black powder initiated with lead styphnate was
required to ignite an IHCD-24 graln (2550°K) in the bomb,
Approximately the same charge was required to ignite four
smaller 18X-6706 grains (1950°K) clustered together in the
grain holder. The four-tenths gram of 3FG black powder would
not ignite an SPCG=9149 grain (24,50°K) the same size as the
IHCD=-2l; grains, Therefore, quantities of ignition composi=-
tion not exceeding O0.4g were used with the lead styphnate
initiator. “hen the buttered lead styphnate was omitted and
the ignition mixture placed directly on the bridge wire,
0.32g of 3FG black powder was required to ignite an IHCD-2)
pellet and 0.31lg to gnite a cluster of seven smaller HKPC-l
grains (1950°K). Therefore, charges of experimental ignition
composition not exceeding 0.30g were used when the lead styph-
nate was omitted, If the mixture was not more effective then
black powder in igniting INCD-2 grains (the most readily ig-
nitible propellant investigated), tests usually were not made
with the other propellants. A complete description of the
propellants used is presented in Table II,

6. In order to evaluate more fully the experimental igniter
compositions as substitutes for black powder in gun primers,
other tests were conducted on the most promising mixtures,
Impact sensitivity testis were made by dropping a 2 kilogram
weight on 10mg of composition pressed into Mk 102 primer cups.
Twenty-five samples were used for each determination of the
50% drop height., Further detailson the impact sensitivity
test procedure will be found in reference (c). A Parr-Dennis
melting-point apparatus and a hot plate equipped with a cali-
brated thermocouple were used to determine whether the mix-
tures ignited when subjected to temperatures up to 415°C for
a period of two minutes., Tests were conducted to determine
the compatibility of the ignition mixtures with steel, brass
and paper components of gun primers. ‘hese tests were con~
ducted ut 160°F and 83% relative humidity in a desiccator con=-
taining a saturated solution of sodium carbonete monohydrate
in contact with an excess of the solid phase,

7. Firing tests at low temperatures were made in a test cab-
inet kept at ~65°F by dry ice and a thermostatically controlled
blower. The closed bamb containing the propellant, the pyro-
technic charge and connections for ignition was placed in the

2
CONFIDENTIAL
SEC@HITY INFOAMATION



CONFIDENTIAL
NAVORD Report 2639

test cabinet for 15 hours. The charge was then fired without
opening the cabinet. After firing, the bomb was removed from
the cabinet and permitted to warm to room temperature. All
condensed moisture was removed before a new charge was intro-
duced.

Results

8. Ignition test results obtained with 3FG black powder and
the experimental igniter compositions are given in Tables III
through XV, Data obtained with IlCD-2l and SPCG-9149 propel-
lants may be directly compared, but data obtained with the
other two propellants studied {(EX-6706 and HKPC-1l) cannot be
directly compared because of the market difference in physical
8ize of the grains. The izniting ability of the black powder
and the experimental isnltion composition were compared for
euch specific propellant. The minimum quantities of ignition
mixture required for the ignition of each propellant were used
as basls for comparison.

9. The i:nition test results show that a number of composi-
tions are superior to black powder in igniting each of the
four prorellants tested. In Table XVI black powder and the
experimental compositions are listed in the order of increas-
ing amounts required to ignite INCD-24 grains when the primer
wire alone was used to ignite the experimentul compositions.
Table XVII gives corresponding data for tests in which lead
styphnate was used together with the bridge wire to ignite the
mixtures. The data given in Tables XVI and XVII show that the
relative ease of ignition of the various types of propellant
varies with the composition of the ignition mixture and may
even be reversed by using different mixtures.

10, Data in Tables VI, IX, XII and XIIT show that mixtures of
titanium-potassium perchlorate and zirconium-potassium perchlor-
ate are more effective than similar titanfum-sodium nitrate and
zirconium-sodium nitrate mixtures in the iznition of THCD-24
propellant grains. This would be expected from the thermal
properties (reference (a)) of the materials.

11. Results of impact sensitivity tests on six mixtures are
given in Table XVIII. The mixtures are more sensitive than
black powder to impact. However, it is believed that the
sensitivity will not preclude the use of these mixtures in
gun primers.

12. Magnesium~potassium perchlorate (1:2), zirconium-nickel
alloy-potassium perchlorate (1:1), boron-potassium perchlor-
ate (1:3,1:4,1:5), and zirconium (200-325 mesh)-potassium

3
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perchlorate (1:1) mixtures did not isnite when subjected to
g8 temperature of J15°C for a two-minute interval., Tests at
temperatures greater than [;15°C were considered unnecessary
because the material will not be exposed to such extreme
conditions in service use.

13. Closed bomb ignition tests at ~65°F with Cordite-N were
conducted with 3FG black powder and boron-potassium perchlor-
ate (1:5) mixture. Data presented in Table XIX show that
1.20g of black powder were required to ignite a Cordlte-N
grain whereas only .3g of the experimental mixture was re-
quired.

il. Results of compatibility tests made with several promis-
ing mixtures on cadmium-plated steel primer tubing, brass
primer stocks, and paper primer tube liners are given in
Table XX. Serious corrosion of the cadmium plating was
caused by the magnesium-potassium perchlorate (1:2) mixture
and the zirconium-potassium perchlorate (1l:1) mixture. It

is interesting to note that: the zirconium-potassium perchlor-
ate mixture with a small amount (9%) of lead dioxide present
did not corrode the plating. Only the magnesium-potassium
perchlorate mixture caused corrosion of the brass plug. All
the mixtures caused elther a bleaching of the paper or a
1ight brown stain, or both, with the excention of the
zirconium-nickel alloy-potassium perchlorate mixture, which
lef't a dark brown stain over the entire contact surface.
Black powder will not stand up under the conditions of this
test and thercfore was not used as a standard.

CONCLUSIONS

15. The "ollowing conclusions were drawn from the data and
results herein presented:

a. The relative ease of ignition of the different types
of propellant varies with the composition of the ignition
mixture and may even be reversed by using different mixtures.

b. The experimental igniter compositions studied were
found to be more effective igniters than black powder.

¢c. Fuel-potassium perchlorate mixtures are more effec-
tive in inoniting propellants than corresvonding fuel-sodium
ni trate mixtures.

d. None of the more promising i~niter mixtures studied
will "cook off! below 415°C,

b
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TASLE 1

Materials Used

Fuels
Aluminum (Flake) through 100 mesh
Boron (Amorphous, pure, Fisher B-375, Lot No. 502858)
Boron. (amorphous, 82% purity, F. w. Berk & Co., wood Ridge, N. J.)
325 mesgh
Magnesium, atomized through 325 meeh
Sulfur, pulverized
Titanium (98.5% purity, Brush iaboratories Co.). 200-325 mesh
zirconium (Screened fractions from Sample 388-9, Frankford Arsenal)
100-200, 200-325 mesh
Zirconium (70%) nickel (30%) alloy

Oxidants

¥erric oxide (Bakers C. P. Analyzed Powder, Lot No. 112240)
Ipad diozide (Bakers C. P. Analyzed Powder, !ot No. 4943)
Potassium perchlorate (Reagent) 200-325 mesh

Potassium nitrate (Reagent) 200-325 mesh

sodiunm nitrate (Reagent) 200-325 mesh

5
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TABLE II

Characteristics of Propellants used in Tests

Composition, wt. % Pyro-Powder Cordite N
THCD=24 SPCG-9149  EX-6706  HKPC-1

Nitrocellulose 93,42 18,16 20,0 20,34
Nitroglycerine 18,38 8.8 8.73
Diphenylamine o8
Nitroguanadine 54,72 60.0 59.80
Centralite 7.03 2.0
Dibutylphthalate 9.2
CaCo03 o7
PbC03 1,0 0.99
KpS0y, _ 1.45
(,arbamite 1,98
Dini trotolueno + Dibutylphthalate 9,15

{Nitrogen) 13.19
Total volatiles 6.10 .09
'theoretical flame temp °K 2550 2,50 1950 1950
Gun in which used 6"/47 6n/47 3/70 3/70
Length ir 1~ 45 ©35
Diameter 940 bAY 120 L2 VA

6
CONFIDENTIAL

SECURITY INFORMATION



NC te:

—~1 F P rEn-

4

CONFIDENTIAL
NAVORD Report 2839

TABLE III

Ignition Tests with 3¢G Black Yowder

Wt. of 3fG Powder I S B H
0,70g +
0,60 -
0.50 +(+) (+) -(+)  +(+)
045 + +
043 3
042 + +
el L aad * +
0.40 N I O S S
0.35 (+) (+)
0.33 e=a(4)(+) (=) (+)
0.32 me () (=) (+)
0,31 (4.)
0.30 (=)(=) =) (=)
0.20 =) ()
0.10 {«)

Signiricance of symbols

Pyro--Powder IHCI-24 (1 grain)

cordite Ii SPCG-9149 (1 grain)

BX-6706 !i grains)

HKPC-1 (7 grains)

The propellant grein ignited and burned compleisely

The grain ignited but only the lower guarter burned

The grain did not ignite

Indicates that the primer wire was usad to ignite the sxperimsntal
mixtire. Symbols udthougwparanthesee indicate that lead styphneate
was used ia the primer,

«hen more than one symbol is included in a spae, each symbol
represents a separate test,

The experimental mixture did not ignite

7
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TABLL IV

Ignition Testc with Mixtures of Roron (pure-Fisher)
and I'otassiun Porchlorate

Retio BiKClO, 381 2tl 1:1 1:2 1:3
it4 I I I 8 1 S 1 8 B A

0.k4og + +
030 el +

1+ +

+ +

.20 -
.10
.05 ' (+)(+)

.0l }-0-)

.03 (+/4)(+) (+)(+)
.02 (+) (+)(+)
01 (=)(=)(~)

+
+
t 4!
+

+ +
+ - +

ik 1:5
] 8 E H I S B H

0.k40g

.30
.20 + + +
.10 e - > - P
«05 (F)(=)(+)(+) () (+)(+)
.04 (=) (+)
.03 (=) (+)(+) (=)
.02 (=)  (+)(+) (=)(+
.01 (+)(=) (+)(+

Note: Soc Trble III for meaning of symbols

8
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TABLE V
Ignition Tests with Mixtures of Boron and Sodium Nitrate

and Boron, Potassium Nitrate and Sulfur

Ratio 1 Boron (pure-Fisher) 1 Boron (82%-Berk) 15 Boron { pure-Fisher)
1 sodium Nitrate 1 Sodium Nitrate 7 sulfur
75 Potassium ¥itrate

W, I s I s I s
0,40g +
30 + = @
«20 = 4 + + - -
.10 - + (=) (+)

05 - (+)

-04

-03 (+)

.02

<01 (=)(+)

See Table III for meaning of symbols.
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TABLE VI

Ignition Teste with Mixture of Zirconium (100-200 mesh)
and Potassium Perchlorate

Ratio Z.r:KC:lOI0 3:1 2:1 1:1 1:2 1:3

Wt I I I X

0.40g + ¢ + + +
om - + + -+ -+
020 e + I bid
.10 - T
-05 X

()
TABLE VII

Ignition Tests with Mixtures of Zirconium (200-325 mesh)
end Potassium Perchlorate

Ratio Zr:KGlOA 3:1 2:1 1:1 1:2 133
wt I I Is g g 1 kS
0040 - + + + + *
»30 - + + + +
20 x +* * + -
olo ; - - x
.05 (=)(~)(+)
.0l (=) (+)
03 (=)(+)
.02 (=)
.01 (=)

Note: See Table III for meaning of symbols.

10
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TABLE VIII

Ignition Tests with Mixtures of Zirconium, (200~325 mesh)
Potassium Perchlorate and Lead Diexide

Ratio Zr:KClOL:PbOZ 10:10:1 10:10:2 10:10:10
Wt I S I E H I S

0030 <+
.20 + + + - +
210 - + -

.05 (+
204 (

)
.02 (
01 (

TABLE IX

Ignition Tests with Fiixtures of Zirconium (100-200 mesgh)
and Sodium Nitrate

Ratio ZJ:'sNaNO3 3:1 2:1 1l:1 1:2 1:3
wt I I I I 1
x
0.40 + + (x) + x
om - - - X
00 -
010 -

See Table III for meaning of symbols,
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TABLY X

Ignition Tests with iixtures of Zirconium (70%) - Nickel (30%) Alloy
and Potassium Perchlorate

Ratio Alloy:KC10, 3:1 2l 1:1 1:2 k;3
wt I I I S I S E B I S
0.40g - -
030 - - + + +
020 + 4+ + 4 +
210 (=) = + -+ + -
005 (x) )
(x
204
.03 (x)(x)
TABILE XI

lgnition Tests with Mixtures of zZirconium (70%) - Nickel (30%) Alloy
and Potassium Perchlorate and Lead Dioxide

Ratio Alloy:KCIOAszoz

Wt
0,20
010
005
.04
.03

Note:

5:10:1
I S £ H

+ 4+ +
(=) (+)(+)(x)

(x)
(=)(=)(=)
(=)(=)(=)

Ses Table II1I for meaning of symbols.

12
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TABLE XII

Ignition Tests with wixtures of Titanium
and rotassium Yerchlorate

Rasic Ti:KClOL 3:1 2:1 1:1 1:2 1:3
Wt 1 I I s I s I 8
0.40 - - + + +
230 - + + +
.20 * + + + 4
010 - - = - -
TABLE XIII

Ignition Test with Mixtures of Titanium
and Sodium Nitrate

Ratio Ti:NaN03 5:1 4e1 3:1 ‘231 1:1 132 1:3

wt I 8 I s I I I I I
X
030 - ™

Note: 0., grams of a Titanium-lead Dioxide sixture (1l:1) failed to ignits
a Pyro grain.

0.4 grams of a Zirconium-Titenlum-Ferric Oxide (17:33:50) failed %o
ignite both pyro and cordite N graims.

Note: See Table III for meaning of symbols.
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TABLE XIV

Ignition Tests with Mixtures of stomized tagnesium

and Potassium Perchlorate

Ratio Mg:KGlOL 3:1 2:1 1:1 1:2
Wt I s I s I s I1 s E H
0.40 + + +
30 + + 4+ + + +
020 -+ - ¢ - * +
010 - - + + +
=
.05 - - (#)(=) + (+)
.04 (+)
-03 (+)  (+)(=)
.02 (-
001 (+) (n
(=
TABLE XV
Ignition Tests with Mixtures of Flake Aluminum
and Potassium Psrchlorate
Ratio Al:KClOL 3:1 2:1 1:1 1:2 1:3
wt I I S I s I s I
0.40 +
30 - + + + +
020 + + - o+ + o+ +
10 - e - - . % -
-05 -
Note: See Table III for meaning of symbols.
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TABLE XVI

Minimum Charge Required for Ignition Using Primer Wire Only

Composition 1 S E H
Ms-&clOL 1:2 .01 > .05 »03 04
B-KCIOL 1:3 004 002 .02 02
B-KC10 4 1:5 -04, 0L .02 .02
B-KCIOA 1:4 005 > .05 .01 .02
Zr(200~325}-KC10 4

Pv0, 10:10:2 .05 002 002 «0d
Zr(208-325)-&0104 1:1 > .05 > 05 204 .03
4r-Ni Alloy-KC1l0 4 a

Pb02 5:10:2 > .05 004 «05 .04
Zr-Ni Alloy-KC10 I

Pb05 5:10:1 > .05 .05 .05 > .04
4r-Ni Alloy-KClO 4°

Pb0, 10:10:2 >,05 3 .05 > .05 >.05
B(82% ~NaNO3 1:1 > .05 01
Zr-Ni Alloy-KCl0 A 1.1 .05
2r-Ni Alloy-KCl0, 1:2 X x X
Zr-N{ Alloy-KC1l0; 1:3 x
Black Powder 3FG 232 <50 -50 «31

X The experimental mixture did not ignite

15
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TABLL XVII

Minimum Charge Required for Ignition
vith Styphnate-Buttered Primers

Composition I

Mg - xcmh 1:2 r.lg
Zr-Ni Alloy KC10y l:2 0.1
zr-Ni Alloy KC10Y 1:3 0.1
2r(100-200) - KC10y 1:2 0.1
2r(200~325) - KC10, 1:1 0.1
Z‘D-Kclou-PbOa 10:1032 0.1
B-KC10), " 1: (S |
B-KC10), 1: c.1
B-KC1 1:5 .1
Al-XC10y 1:2 0.2
Al-KC10y 1:3

Al=KC10y 211

Ti-XC10y 1:2

T1-KC10y 113

Zr-Ni Alloy-EC1Oy~Pb0, 5:10:1
Zr-Ni Alloy-KClOy=PD0, 5:1032
Zr-Ni Alloy KCl0 1:i
Zr-KC10,~Pb0, 10:10:1
Zr6100- )-iclou 1:1

Ze( 200-325)-!0101:! 1:2
B(82)=NaN0, 1:

B=KC10), 1:

B~KC1 1:2

m.g-xc(l}&‘ 1:1

Mg-KC10; 2:1

Hg-EC10), 321

Al-EC10y 121

Zr=-K(010, «P10 10:10:10
2r(100-200)-kc10, 211
zr(loo-aoo)-xclou 1:3
2r(200-325)=K010), 133
B~-NalO, 1:1

Bes-KMO; 1517175

B-K010y~ 231

Black Pouder 3FG

Al=KC1Oy 3:1

T1-KC10; 1:1

T4=X0) 5:1
Zr(100-200)=Nal0, 3:1
zr(loo-aoo;: 2:11

FaXO>
2r(100=200 112
2r(100=200 )-xm% 31

0.053
0.1

o000
NNI—'“ n

0.2
0.2
0.1

*® & o 9 s @
® o o o ® ®© & © o o o
HERGVIS I VI VGV VIV ol VI VIV VLY

e o o 9 0 o o .
ODO0O000OD0DO0O0O00CO=O
L] * L ] L ] [ ] [ L J

wooboooopooooooo

IR
SDOO.OO’WOO
VIV O VI VI

0.1
0.3

0.7 R

0.2
0.3

FEEFEFEEFUIVULIVIVWNWWWAWD DN DD D NN R

16
CONFIDENTIAL
SECURITY INFORMATION



Comnosition

2r(200=325)=KC10), 231
B~KC10) 311
Ti-Pb0s 1:1
1‘1--![(:10,\h 331
en-xclou 2s1
2r-Ti-Fo,0 17233350
Zr-§4 Allog-KCl0), 3:1
Zr-N1 Alloy=-K(Cl 2:1
zr(200-325)-xclou 351
Zr(loo-aoo)-mro} 1:1

T1-NaNO, Usl
Ti=N. 3 3:1
Ti-NaNO; 2:1
Ti=N 1:1
T4=NaN0? 1:2
Ti{-NaN 1:3
zr( 100-200 )-NaNo} 1:3

CONFIDENTIAL
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TABLE XVII (cort)

©200 0000000000
FEFFEFEEEFFEFEEREEESE O~

M HNH

x = the experizental amixture did not ignite.
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TABLE XVIII
Impact Sensitivity Test Resulte

Composition H0%_Mring Height
X (inches)
Black Pouder > 25
Mg~KC10) (1:2) 16.24
B-KC10y, ~ (1:3) 7.%
B-KC10, (1:5) 7.9
B-KC10, (1:}) 9,2
Zr-XC10y (1:1) 8.9
Zr-Ni Alloy-KC1Oy (132) 19.5

A

i8
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Standard
Deviation

PO H o
LEIIHE



Weight

1.20g
1.00g

.80
.60

.02

COLFIDIIITIAL
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TABLE XIX
Ignition Tosto with SPCA=0149
Propelleont at -65°F.
3 ¥G Black Povder

(+)
(=)

(=)

(=)

See Table III for meaning of symbols.
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TABLE XX

Corpatibility of Isnition Mixtures with Primer Commonents
Condition: 160°F. 824 R.H. Tme: 10 Weeks

Composition Steel (Cd Plate) Brags Poper Tube Liner
Tube
1. Mgkclo, (1:2) Corroded Corroded Bleached
2. Zr.N1-KC1Oy (132) OK OK Dark Browvm
i. B~KC10) (1:3) (14 0K Bleached
. B~EC10; (1:5) (4):¢ 0K Bleached
5e Zr-Kclgu (1:1) Corroded OK Light Brown
6. Zr .KC10, Pb0 (5:5:1) OK 0K Bleached
7. B=KC1O4 (1:3) OK OK Bleacghed
20
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PROPELLANT GRAIN

GRAIN HOLDER

. IGNITER
F ' CHARGE
f~°  HOLDER

FIG. | PROPELLANT IGNITION BOMB
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